Purpose: To evaluate the effect of improvement in the control grade of intermittent exotropia using part-time occlusion therapy on the final postoperative outcome.
INTRODUCTION
Intermittent exotropia is the most frequent type of strabismus encountered in childhood and accounts for more than 50% of cases of exotropia in children. 1 In addition to surgery, management of intermittent exotropia includes orthoptic exercises, minus lenses or prisms, and part-time occlusion regimens. 2 Freeman and Isenberg 3 reported that all 11 patients in their study who underwent part-time patch occlusion of the non-deviating eye for 4 to 6 hours a day converted to heterophoria or orthophoria, at least temporarily. In Cotter et al.'s 4 study of 358 children between the ages of 3 and 11 years with intermittent exotropia, the authors found marginally improved mean near control and a better mean magnitude of exodeviation at distance in the group treated with occlusion therapy. In another study, a better mean distance control score was found in 201 children between the ages of 12 and 35 months with untreated intermittent exotropia who received patching. 5 More recently, Chew et al. 6 reported an association between preoperative patching and the 5-year success rate of basic intermittent exotropia surgery. However, our search of the literature did not identify any studies of the association between improved control with part-time occlusion and the outcome of surgery for intermittent exotropia. The purpose of this study was to evaluate the effect of improved control with part-time occlusion therapy on the final postoperative outcome in patients with intermittent exotropia.
PATIENTS AND METHODS
Patients who underwent unilateral lateral rectus recession-medial rectus resection for basic type intermittent exotropia between 2011 and 2014 at the Keimyung University Dongsan Medical Center were consecutively enrolled in this study. The study was approved by the institutional review board and was performed following the tenets of the Declaration of Helsinki.
Inclusion criteria were more than 50% compliance with preoperative part-time occlusion and a postoperative follow-up period of at least 1 year. Basic type intermittent exotropia was defined as a distance deviation within 10 PD of near deviation. Patients were excluded if they had other types of intermittent exotropia, A-or V-pattern, dissociated vertical deviation, oblique muscle overactivity or underactivity, paralytic or restrictive exotropia, a history of strabismus surgery, concomitant oblique and/or vertical muscle surgery, vertical transposition of the horizontal muscles during intermittent exotropia surgery, severe amblyopia or anisometropia, other ocular abnormalities or surgeries, or a systemic anomaly such as a neurologic disorder or developmental delay.
The patients' medical records were reviewed for sex, age at onset of deviation, mean duration of occlusion therapy, preoperative spherical equivalent as measured by cycloplegic refraction, age at time of surgery, interval between onset of deviation and surgery, angle of deviation, and degree of control at distance and near before and after occlusion therapy. The angle of deviation was measured using the alternate prism and cover test with accommodative targets for fixation at both distance (5 m) and near (33 cm) and appropriate spectacle correction when required. Patching was performed for 3 hours per day on the fixating eye for more than 6 months. For alternately fixating eyes, patching was performed alternately for 3 hours a day, with one day on the right eye and the other day on the left eye.
The control grade was evaluated in each patient at both distance (5 m) and near (33 cm) fixation as follows: grade 1 (good [immediate recovery after dissociation following the prism cover test]); grade 2, (fair [realignment with aid of blink or refixation]); or grade 3 (poor [exodeviation still manifests after dissociation or manifests spontaneously]). The control score was defined as the sum of the control grades at distance and near, with a range of 3 to 6, not 2 to 6. If the control score was 2 before occlusion therapy, the patient was excluded because improvement of control grade after occlusion therapy would not be able to be demonstrated.
Considering the variability in control grade, only patients showing the same control grade at two consecutive visits were included in the study. Control was graded by one examiner (SYL) who was masked to the control grade of the previous visit. To confirm the effect of the improved control grade achieved by occlusion therapy on the surgical outcome, the success rate in the group with improved control (improvement group) was compared with that in the group without improved control (no improvement group) by the same examiner (SYL), who also performed the surgery. The angle of deviation and control grade at 1 year postoperatively were also investigated. A successful surgical outcome was defined as esophoria/esotropia of 8 PD or less to exophoria/exotropia of 8 PD or less.
The paired t test was used to compare the preoperative and postoperative angles of deviation between the improvement and no improvement groups. The independent t test was used to compare patient demographic data and Pearson's chi-square test was used to compare the surgical outcomes between the groups. P values less than .05 were considered to be statistically significant. Statistical Package for the Social Sciences (SPSS) software (version 22.0; IBM Corp., Armonk, NY) was used for all statistical analyses.
RESULTS
Data for 89 patients (mean age: 3.52 ± 2.35 years; 40 male and 49 female) were available for analysis. All patients underwent unilateral lateral rectus recession and medial rectus resection. Seventy-eight (87.6%) patients had patching on the fixating eye, whereas 11 (12.4%) received alternate occlusion therapy. The mean duration of occlusion therapy was 11.43 months.
The control grade tended to improve at both distance and near after occlusion ( Table 1) . The mean angles of deviation decreased at both distance and near after occlusion therapy (except for control score 3, because only 2 patients had this score before occlusion therapy). At the first visit (before occlusion therapy), the mean angles of deviation were 27.61 ± 5.40 PD for distance and 29.82 ± 5.28 PD for near; after occlusion therapy (just prior to surgery), the respective angles of deviation decreased significantly to 26.17 ± 5.09 PD and 27.26 ± 5.56 PD, respectively (P < .001 for both; Table 2 ).
Forty-nine of the 89 patients showed improvement of control grade and 40 did not. There were no statistically significant differences in sex, age at onset of deviation, mean duration of occlusion therapy, preoperative spherical equivalent as measured by cycloplegic refraction, age at the time of surgery, interval between onset of deviation and surgery, angle of deviation, or control grade at distance or near before and after occlusion therapy between the groups (P > .05 for all comparisons, independent t test; Table 3 ). Successful surgical outcomes at 1 year postoperatively were significantly more common in the improvement group than in the no improvement group (38 of 49 [77.6%] vs 20 of 40 [50.0%]; P = .007, Pearson's chi-square test; Table 4 ).
Nine of the 49 patients in the improvement group showed an improved control grade at distance and 6 (66.7%) had a successful surgical outcome at 1 year postoperatively. Thirty-five (81.4%) of the 43 patients who showed an improved control grade at near had a successful surgical outcome at 1 year postoperatively. Three patients (100%) who showed an improved control grade at both distance and near had a successful surgical outcome at postoperative year 1. Seven patients (100%) who improved by 1 control grade had a successful surgical outcome and 31 (73.8%) of the 42 patients who improved by 2 control grades had a successful surgical outcome at 1 year postoperatively.
DISCUSSION
In this study, we evaluated the effect of improved control with part-time occlusion therapy on the final postoperative outcome in patients with intermittent exotropia. Our results indicated significant improvements in the angles of deviation at distance and near after part-time occlusion. The patients who had a significantly improved control grade had a significantly better surgical success rate than those who did not.
The goal of treatment in patients with intermittent exotropia is to restore orthotropia with binocular single vision for distance viewing while maintaining or improving binocular alignment for near viewing. This can be achieved by reducing the degree of misalignment surgically and/or improving fusional control mecha- nisms using nonsurgical methods. 2 Both surgical and nonsurgical management options are often prescribed, but there is controversy regarding the optimal timing and methods of treatment. The aim of nonsurgical intervention is to enhance the ability to control intermittent exotropia and to preserve stereoacuity, thereby improving visual function and mitigating social problems. Nonsurgical treatments can also postpone or eliminate the requirement for surgical intervention.
Patching the dominant eye or alternating occlusion is one of several nonsurgical treatments for intermittent exotropia. Often prescribed as a method for delaying surgery, the reported potential benefits of patching include eliminating suppression by depriving binocular stimulus, 7 changing the character of the deviation, improving sensory function and binocular single vision, and decreasing the frequency or magnitude of the deviation. 2, 3, [7] [8] [9] [10] Freeman and Isenberg 3 reported a 27% success rate for sustained orthophoria using part-time occlusion therapy, whereas Cooper and Leyman 11 reported a success rate of 36%. There is some evidence that the success of occlusion therapy improves if followed by surgery. Figueira and Hing 12 reported that their success rate in patients who underwent occlusion followed by surgery was higher than that in patients who underwent surgery alone (83.33% vs 42.86%) at postoperative year 1. Further, Suh et al. 13 reported that near deviation measurements decreased significantly, with 32% of their basic type cases converting to pseudo-divergence excess type, 69% from convergence-insufficiency type to basic type, and 7% from convergence-insufficiency type to pseudo-divergence excess type. Na et al.
14 subsequently reported that patients who converted from either basic type to pseudo-divergence excess type or convergence-insufficiency type to basic type had a higher rate of surgical success (89%) than other patients (69%). However, in our study, both distance and near deviation measurements decreased significantly, and only 2 patients converted from basic type to pseudo-divergence excess type and had successful surgical outcomes.
Several methods can be used to assess control when evaluating patients with intermittent exotropia. Stathacopoulos et al. 15 and Chia et al. 16 measured the level of control using a 3-point scale (good or excellent, moderate or fair, and poor); however, this scale does not allow for fine enough gradation of severity. Petrunak and Rao 17 reported using an office-based scale that included time to re-fusion after dissociation, but their method could not allocate a score to patients who demonstrated exotropia on examination. Haggerty et al. 18 combined a parental report of home control (0 to 3) with office control (0 to 2 for both near and distance fixation), generating a total score of 0 to 7 (the Newcastle or NIDEX scale). However, it is unclear how reasonable it is to add a parental report score to a more objective office control score. Using their scale, a fault in parental reporting could lead to a substantial change in the total score and next step of management. Mohney and Holmes
19 developed yet another control scale that describes a wide range of control values, avoids many of the weaknesses of the earlier systems, and yields quantitative values for the duration and severity of the manifest portion of the exodeviation. The Mohney and Holmes control scale has been widely used, but the values obtained can vary throughout the day, even within minutes. 20 To overcome this problem, some have argued that the mean of three assessments of control better represents overall control than a single measure, 21, 22 but could be cumbersome and difficult to implement in an office-based evaluation. We used the control grading system developed by Stathacopoulos et al. 15 and defined the control score as the sum of the control scale at distance and near, which is similar to the Newcastle scale but without the parental report score. Our control score is simple but meaningful enough to compare surgical outcomes without a wide range of variability.
There is still no consensus as to how many hours of part-time occlusion therapy per day are effective. Vishnoi et al. 23 reported that 6 hours of part-time occlusion was more effective and more acceptable to patients than full-time occlusion. Spoor and Hiles 10 reported that occlusion of the preferred eye for 3 to 6 hours daily significantly improved the latency of deviation and decreased the size of the strabismus angle, whereas 2 hours daily had no effect. We performed part-time occlusion therapy 3 hours daily, considering both therapeutic effect and patient compliance.
The final success rate of surgery was better in the improvement group than in the no improvement group (77.6% vs 50.0%), without any other contributing factors that might have caused a statistically significant difference between the two groups. This suggests that patients with intermittent exotropia who achieve improved control with parttime occlusion therapy could expect better surgical outcomes than their counterparts who did not. This finding underscores the fact that improvement of fusion by part-time occlusion therapy can have an effect on control and surgical outcome.
There are some limitations to this study. First, its retrospective nature meant that it was difficult to confirm the exact degree of compliance with occlusion therapy. Second, the sample size was relatively small, and the larger size of the improvement group might have led to an overestimation of the success rate in this group. Third, it was not possible to perform fusion and stereoacuity tests at distance or near, so we could not determine the relationship between control, fusion, and stereoacuity. Fourth, the follow-up period was only 1 year, so a study incorporating a longer follow-up evaluation might be necessary in the future.
Improving the control grade of intermittent exotropia through the implementation of part-time preoperative occlusion therapy may lead to a better surgical success rate than that achieved by surgery alone. Part-time occlusion therapy improves the control grade, which affects the surgical outcome in addition to decreasing the angles of deviation for distance and near.
